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The following six appendices are a supplement to my M.Sc. thesis, 
"Interferometry Depth Sounding on the Athabasca Glacier - Development of 
the Interferometry Technique for Lunar Exploration," {Department of 
Physics, University of Toronto; reprinted as NASA Report, Grant No. 
NGL 22-009--257, March 1971). They are largely collections of raw data
acquired on the Athabasca Glacier during 1970, and therefore are of most 
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APPENDIX ONE: THE SURFACE 
ELECTRICAL PROPERTIES EXPERIMENT 
A brief summary of the concept of the Surfac� Electrical Properties 
Experiment at the time of writing, as planned for Apollo 17 (currently 
scheduled for December, 1972), is given here. Since the details are 
still in a state of flux, there will certainly be changes in the final 
design. However, the main points are fixed. The following has been 
updated from C.S.R. Report, CSR TR 70-7 (1970). 
A schematic diagram of the experiment is shown in Figure Al-1. The 
source is an array of two sets of orthogonal centre-fed dipoles laid on 
the surface of the moon, near the Lunar Module. Each set of the array 
2 
wi 11 be powered fn turn by a sma 11 transmitter producing continuous waves 
at discrete frequencies of 1, 2, 4, 8, 16, and 32 MHz successively, and 
about 3 watts power. This sequence will be repeated about once per second. 
The receiving antenna will consist of three orthogonal loops about 
1/3 meter in diameter mounted on the Lunar Roving Vehicle. These will 
detect the three orthogonal components of the magnetic field strength at 
each successive frequency during the Rover traverse. The data will be 
recorded on a small analogue tape recorder, and returned to earth for 
analysis and interpretation. 
Position information will be reconstructed from the Rover's odometer 
and navigation system, photographs, television coverage, and voice 
co11111ents by the astronauts. A short, well documented traverse may be 
made while near the transmitting antennas, in order to obtain more accurate 
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FIGURE Al-1: LAYOUT OF BASIC EXPERIMENT (AFTER CSR TR 70-7) 












APPENDIX TWO: LOGISTICS ON THE ATHABASCA GLACIER 
4 
The primary virtue of the Athabasca Glacier is its ease of accessi­
bility for both people and equipment (see Figure A2-1). The res.ult is 
that the Athabasca is a very well studied glacier. This appendix briefly 
outlines some of the features of a field program on the Athabasca Glacier. 
Permission to work and to use vehicles on the Athabasca was obtained, in 
advance, from the National and Historic Parks Branch, Western Region, 
Calgary. 
A primary consideration of any field expedition is cost. The experi­
ments conducted during 1970 cost from about $1000/week, for the spring 
trip involving four people, to approximately $1000/day, for the winter 
trip, in which a total of 14 people participated. The main factors in 
cost are the average number of people at the site, the type and number of 
vehicles rented, and the number of man-trips to the region. The type of 
accommodation, while having a tremendous effect on the working conditions 
of the personnel involved, has little effect on the overall cost. 
The first requisite, however, is a place to live. Accommodation is 
available all year in Jasper, 65 miles north of the glacier, and at the 
Tangle Creek Highway Camp, 5 miles north (with prior permission from the 
Jasper National Park Administration Office). During the summer the 
Columbia Icefield Chalet, operated by Brewster Transport, is open but is 
heavily booked during July and August. Of these, a trailer camp, with 
facilities for repairing equipment and reducing data each evening, was 
the most successful. 
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Weather is an important factor on any glacier. The Athabasca is no 
exception, since the weather in the area is controlled by the icefield to 
the south. Thus, it is common to have full-blizzard conditions in the 
glacier valley, while pleasant weather is experienced a few miles away. 
The worst problem is wind, and the most difficult days on which to work 
were rarely below -s
0
c. However, the wind-chill factor brought the 
apparent temperature to about -3o0c. During the spring, summer, and early 
fall these conditions can be coped with by warm clothing, some shelter, 
and a little perseverence. However, during winter months (December to 
February), even colder temperatures are accompanied by blowing snow. 
Then mobility on the glacier often becomes impossible, and days of zero 
visibility are frequent. 
Various types of vehicles for moving equipment on the ice surface 
were used. The choice of vehicle depends greatly on the season. For 
small loads skidoos are adequate after the snow has packed in early spring. 
However, they do not perform well in deep snow or on bare ice. After the 
snow has melted, good traction is assured by the dirt particles that imbed 
themselves in the ice surface. But because the surface is very rough, 
with many hummocks and valleys, some type of rugged all-terrain vehicle 
is essential. For larger loads, a large tracked vehicle (such as a Flex­
trac-Nodwell) is necessary, and when equipped with snow cleats seems to 
perform well under most conditions. For a large field operation, 
especially for making traverse measurements, two types of vehicle might 
be required-a large tracked vehicle for carrying heavy equipment and making 
traverses, and a smaller vehicle for carrying personnel and small items. 
7 
For experiments not requiri.ng a great deal of movement on the ice, 
various means of getting equipment onto the ice are availaale. Snowmobile 
Tours, Limited operate a tourist service on the ice during the suTIJTier, 
and can take large amounts of equipment easily. There is also a helicopter 
service from Banff, but it is of course very weather-dependent. 
Maps and aerial photographs of the Athabasca Glacier are updated 
regularly. They are available from the Surveys and Mapping Branch, the 
Inland Waters Branch, and the Air Photographic Unit, all of the Department 
of Energy, Mines and Resources, Ottawa. A summary of the publi.shed data 








APPENDIX THREE: THE ROTATING-BEAM EXPERIMENT 
In September 1970, an experiment to try to develop an azimuth­
determining system for the interferometry experiment was made. Although 
it was not successful, the basic idea had merit, and is described briefly 
here . 
The experiment basically differed little from the traverse experi­
ment (described in Chapter 3 of the thesis). However, two sets of orthog­
onal dipoles, crossed at the transmitter, were spread out on the ice. 
Instead of being continuously fed·, each of the two antennas was fed 
independently, with the radio-frequency signal modulated by a frequency 
of 15 Hz. The relative phase of the modulation between the two antennas 
was 90°. The effect of this .arrangement is that two maxima in the 
transmitted signal appear to rotate about the crossed antennas, at the 
modulation frequency, in a 11turnstile 11 manner. Since the time of maximum 
received signal depends on the azimuthal bearing of the receiver, it was 
hoped that this system would permit bearing measurements to be made during 
the lunar interferometry traverse. 
The same basic transmitter was used, but with two outputs, a modula­
tion-frequency unit, and phase control, added. The ribbon-wire type of 
antenna was utilized, although not so much care was taken in its tuning. 
The receiver and three orthogonal receiving loops were bolted directly 
onto a sled made of aluminum tubing. The receiver was read on a portable 
oscilloscope, and the data recorded on photographic film. The whole was 
powered by lead-acid and nickel-cadmium batteries. 
Traverses were made in various directions from the transmitter, at 
various frequencies (the transmitter site is marked on Figure A3-l). A 
stop was made at each station to photograph the waveform for each com­
ponent. Since it was apparent that the two antennas were not radiating 
as expected, experiments were initiated at the end of the month to try 
to determine why not. 
9 
By laying various strands of wire near the radiating components and 
near the receiver, it was found that the measured signal varied consider­
ably. The two sets of dipoles could be easily induced to radiate differ­
ently from each other, by small changes in the wire hook--ups. The effect 
of a wire near the receiver was also pronounced, especially when it was 
close to a resonant length for the frequency being used. 
The pattern measured on the oscilloscope was often asymmetric. 
Several explanations are possible. First, the transmitter may not have 
been well balanced, feeding different signals into each of the two 
antennas. Secondly, the two antennas may have radiated differently, due 
to anomalous re-radiation, or due to the effects of inhomogeneities near 
the antennas (the ice was badly crevassed). Thirdly, lateral inhomo­
geneities may have been extremely pronounced, since the transmitter was 
close to the side of the glacier. 
The answers to these problems were not determined largely because 
the equipment was too elaborate to be operated easily in a hostile 
environment. Difficulties could not be easily analysed, breakdowns were 
frequent (finally terminating the experiment), and data collected and 
reduction were too clumsy to be really effective. This was a valuable 
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APPENDIX FOUR: RADIATION PATTERN MEASUREMENTS 
In order to design a transmitter for the lunar experiment, a series 
of antenna radiation patterns, using various dipole lengths, on .and near 
the ice, was made late in 1970. The transmitter site was the same as 
that for the rotating-beam experiment (Figure A3-l). 
The transmitter was a Lafayette 5-watt Citizens' Band Walkie-talkie, 
operating at about 27 MHz. This fed a short, unbalanced feed line to an 
untuned dipole antenna. The antenna could be continuously shortened from 
a maximum size of one-half the free-space wavelength. All other metal 
objects were removed from the transmitter area. 
The receiver was located inside a movable aluminum and plexiglass 
sled. A receiving loop was mounted on one corner of the sled at a height 
of about 2 m. (~A/5). It was rotatable into any of three orthogonal 
positions, to measure each of the three magnetic field components while 
maintaining a common phase-centre. An uncalibrated attenuator was mounted 
between the loop and the receiver, and the receiver output was monitored 
on an oscilloscope. 
The general set-up is shown in Figure A4-l. The transmitting antenna 
was mounted so that it could rotate about its centre-point. The dipole 
arms were kept horizontal at all times. A pattern was measured by rotating 
the dipole through 360°, keeping the receiver fixed. Two main sets of 
data were collected, summarized in Table A4-l. 
The first, shown in Figures A4-2 to A4-7, was to see if the receiver 
sled greatly altered the results. It was found that it did, but time did 
not permit further study of this. It should be noted that the attenuation 
settings are not directly comparable from pattern to pattern, but are a 
































Loop (All components measured). 
Fixed for each run . 
FIGURE A4-l: DIPOLE RADIATION PATTERN CONFIGURATION (PLAN VIEW) 
TRANSMITTER-RECEIVER DIPOLE HEIGHT ABOVE DIPOLE LENGTH SLED POSITION FACING FIGURE NO. 
DISTANCE (m. ) ICE (m.) TRANSMITTER A4-
(1) 60 0 A/2 Side 
I 
2 
0 A/2 Back 3 
2 A/2 Side 
(3)
4 
2 A/2 Back 5 
2 )./4 Back I 6 2 )./8 Back 7 
(2) 22 0 )./2 Back 8 
0 A/8 Back 9 
2 A/2 Back 10 
2 ),./8 Back 11 
44 0 A/2 Back 12 
0 )./8 Back 13 
2 A/2 Back 14 
2 )./8 Back 15 
66 0 )./2 Back 16 
0 )./8 Back 17 
2 >../2 Back 18 
2 A/8 Back 19 
132 0 )./2 Back 20 
0 A/8 Back 21 
2 A/2 Back 22 
2 )./8 Back 23 




a bearing of 234° from transmitter. 
Receiver at bearing of 231°. · 
Position of receiver coil not changed, only sled orientation. 
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The major purpose of the second set of data (Figures A4-8 to A4-23) 
was to detennine whether dipoles shorter than )./2 would give similar 
results to those of a half-wave dipole. It can be seen that with few 
exceptions the radiation pattern and relative size of the three·components 
does not vary greatly when the dipole is ·shortened. This was very 
encouraging in the design of a transmitting antenna. 
Of interest, however, is the fact that the maximum radiation of the 
antenna is rarely orthogonal to the dipole. Moreover, the three components 
seem to lie at random angles to each other. There are three possible 
explanations. First, the sled may well alter the position of the 
received maxima by combining different components. Secondly, the bottom 
probably may contribute to unusual mixing of the various components 
because of different reflection angles, depending on the receiver location. 
The transmitter was very close to the side of the glacier for these 
measurements. Thirdly, in a null H
� 
could be as large as Hz or HP
,
although this might not be true in a peak. 
This appendix is not intended as a complete report of the radiation 
pattern measurements. However, it is clear that the effects of the 
source and the receiver are very important in understanding the behaviour 
of fields near the dielectric interface. 
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APPENDIX FIVE: UNFILTERED TRAVERSE PROFILES 
A complete set of the unfiltered field-strength curves for the 
traverses taken in March-April 1970, on the Athabasca Glacier, is given 
here (Table A5-1). The curves, except for the E� component, have been
calibrated to microamps/meter, and the values are given on each axis. 
37 
The field-strengths have been normalized to a nominal one-watt trans­
mitter output power, and the distances are given in free-space wavelengths. 
Because of problems with accurate measurement of the output power, the 
received field-strengths are onlj a guide to their actual value�. 
TRAVERSE FREQUENCY COMPONENT DIRECTION OF DISTANCE .NUMBER OF OUTPUT POWER ANTENNA DATE OF 
NUMBER (MHz) MEASURED TRAVERSE BETWEEN DATA POINTS· lWATTS) CALIBRATION TRAVERSE 
DATA POINTS FACTOR (1970) 
(m) V -'> . .,/in 
l 2 Hz Forward 20 50 0.77 34.0 March 28 
2 2 Hp Forward 20 60 0. 77 34.0 March 28 
3 4 Hz Forward 10 131 0.96 30.7 March 29 
4 4 Hp Forward 10 144 0.96 30.7 March 29 
5 4 Hz Reverse 10 85 1.13 30.7 April 2 
6 4 Hp Reverse 10 85 l. 13 30.7 April 2 
7 4 H� Reverse 10 85 1.13 30.7 April 2 
8 8 Hz Forward 5 150 1.26 28.0 March 30 
9 8 Hp Forward 5 150 1.26 28.0 March 30 
10 8 Hz Reverse 5 150 l. 35 28.0 April 1 
11 8 Hp Reverse 5 150 1.35 28.0 April l 
12 8 H� Reverse 5 93 (1) 1.35 28.0 April l 
13 (2) 8 Hz Forward 5 101 - 28.0 March 26 
14 (2) 8 Hp Forward 5 101 - 28.0 March 26 
15 (2) 16 Hz Forward 3.33 117 1.35 51.0 March 27 
16 (2) 16 Hp Forward 3.33 89 l. 35 51.0 March 27 
17 24 Hz Forward 2 127 1.46 48.5 March 28 
18 24 Hp Forward 2 127 1.46 48.5 March 28 
19 (3) 24 Hz Forward 2 125 1.34 48.5 March 31 
20 (3) 24 Hp Forward 2 125 1.34 48.5 March 31 
21 24 E� Forward 2 120 1.34 - March 31
NOTES: ( l ) Traverse Started at Station 58 
(2) Dubious data
(3) Receiving loop carried on back, approximately 1 m. from ice 5Urface.
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FIGURE A5-2 
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FIGURE A5-3 
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FIGURE A5-4- ATHABASCA TRAVERSE 4 
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FIGURE A5-5 
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FIGURE A5-6 
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FIGURE A5-? 
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FIGURE A5-8 
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FIGURE A5-9 
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FIGURE A5-10 
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FIGURE A5-11 
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FIGURE A5-12 ATHABASCA TRAVERSE 12 
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FIGURE A5-13 
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FIGURE A5-14 
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FIGURE A5-15 
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FIGURE A5-16 ATHABASCA TRAVERSE 16 
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FIGURE A5-19 
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FIGURE A5-20 
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FIGURE A5-21 
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APPENDIX SIX: RATES OF DECAY Of TRAVERSES 
A complete set of log-log plots of the Athabasca Glacier traverses 
taken in March - April 1970 is given here. The field-strength values 
used are the ones shown in Appendix 5, but the distances used are in 
meters. The slopes listed are the rates of decay of the field (-s), 
calculated by a least-squares fit of all the points shown. A surrmary 
is given in Table A6-l. 
60 
Table A6-l: Rates of Decay of Athabasca Glacier Data 
61 
Traverse Frequency Component Direction Rate of Decay 
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71 PLOT NO. Alo�'1 
FREQUENCY 8 MHZ. 
� DIRECTION FORWARD 
o i DATA PTS . 14 1 
SLOPE - -1 .334 
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77 PLOT NO. A 1:.- I I
FREQUENCY 8 MHZ. 
o DATA PTS. 14 1 �1 DIRECTION REVERSE 
SLOPE - -1.39? 
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PLOT NO. 1-H,- IJ..
FREQUENCY 8 MHZ. 
Cl DATA PTS. 141
� DIRECTION REVERSE 
SLOPE ·- -1.936 
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17 PLOT NO. /H,- t:i 
FREQUENCY 8 MHZ.
� DIRECTION FORWARD 
o 
1 
DATA PTS . 9 2 
SLOPE - ·-. 722
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PLOT NO . ?'I� - 11
FREQUENCY 8 MHZ. 
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o DATA PTS. 108
;7 DI REC TI ON FORWARD 
SLOPE -- -1.245
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FREQUENCY 16 MHZ. 
� DIRECT I ON FORWARD 
ol DATA PTS. 80 
SLOPE - -.870
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.. 7 PLOT NO. A(o-17 
FREQUENCY 2� MHZ. 
o i ORTA PTS. 118 
� DIRECTION FORWARD 
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77 PLOT NO. rit,-19 
FREQUENCY 24 MHZ. 
o i DATA PTS. 116 
1 DIRECTION FORWARD 
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77 PLOT NO. ni-'Jc 
FREQUENCY 2� MHZ. 
� DIRECTION FORWARD 
o 1 DATA PTS. 116 
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